The work reported here presents the results of an investigation into the replacement of lactose by glucose or by sucrose in a corn steep liquor medium for the production of penicillin. Previous work has established (Johnson, 1946 ) that glucose and sucrose are metabolized by Penicillium chrysogenum at a more rapid rate than is lactose. Also, it has been shown that a maximum rate of penicillin production is obtained under fermentation conditions which support a slow rate of growth, such as those of the conventional lactose fermentation. In order to approximate those conditions when glucose or sucrose was used as a carbohydrate source, these sugars were fed at rates chosen so as to restrict their utilization. The optimum feed rate of each sugar for penicillin production was then determined. This work was done exclusively in 30-liter stirred and aerated stainless steel fermentors. Work of a similar nature employing a synthetic medium has been repoxted elsewhere (Hosler and Johnson, 1953) .
EXPERIMENTAL METHODS

Fermentation Techniques
Penicillium chrysogenum W49-133 was used throughout these experiments. Previous studies on penicillin production by this strain, and its derivation from the parent strain Penicillium chrysogenum Q176, have been reported elsewhere (Anderson et al., 1953) .
A vegetative inoculum for the 30-liter fermentors was prepared through several stages. Firstly, in a 500-ml Erlenmeyer flask a mixture of 5 g bran and 5 g crushed corn, moistened with tap water and sterilized by autoclaving at 15 pounds pressure for 45 minutes, was inoculated with a small quantity of a soil stock and incubated at 25 C for 7 days, by which time sporulation was abundant. Several flasks were prepared in this way at one time, and stored at 5 C until required. Secondly, to the sporulated corn-bran flask was added 100 ml of a solution containing 6 g dextrin and 2 g corn steep solids, previously sterilized by autoclaving. The (1950) . Each fermentor was incubated at 25 C in the water bath, agitated at 500 rpm and aerated at the rate of 1.0 volumes of air per volume of medium per minute. No provision for pH control during the runs was found necessary. After sterilization, the pH of the medium was in the range 5.6 to 5.8, and 20 to 24 hours after inoculation, when sugar feeding was begun, the pH had risen to about 7.0 in almost every run.
The sugar and precursor solution was fed to the fermentors by means of a small 1-rpm motor-operated positive displacement pump shown in figure 1. The rubber tubing connecting the sugar reservoir to the fermentor passed along the semi-circular channel of the pump so that the tubing was always compressed by at least one of the rollers which travelled along the channel. The pump was caused to operate intermittently by means of a timer adjusted so that the sugar solution was fed at the desired rate.
Samples were withdrawn from the fermentors at intervals for penicillin assays and chemical analyses, and were handled in the manner described by Gailey et al., (1946 
RESULTS AND DIscUSSION
It was found that, with a concentration of 0.5 per cent glucose present initially in the fermentor medium, growth from the inoculuin was rapid and the growth phase was virtually complete in 24 hours. The mold appeared to be indifferent to the presence of another sugar during this phase. Continuous sugar feeding was begun at 20 to 24 hours after inoculation and continued for 72 hours; extension of the feeding time beyond this period appeared to have no advantage, as a decrease in penicillin titer was found to occur at about 100 hours in most runs even when the sugar supply was not limiting. For purposes of comparison of the value of the feeding technique for the three sugars tested, the conventional fermentation with 3 per cent lactose present initially was taken as a standard. None of the fed runs reached a penicillin titer as high as that in the lactose standard, which was 1610 units per ml (average of 3 runs). The penicillin yields from fermentations fed glucose, sucrose or lactose are shown in figure 2.
For glucose, the best feed rate tested was found to be 0.042 per cent per hour, equivalent to 3 per cent overall, giving a maximum penicillin titer of 1520 units per ml at 83 hours.
In the series of sucrose-fed runs it was found that the total concentration of sucrose required to give penicillin yields comparable with those from glucose or lactose-fed media was considerably higher than for those sugars.
The ence in the rates of sugar utilization. This is shown in figure 3 . Apparently the sucrose is assimilated so rapidly by the mold that the condition of semi-starvation typical of the lactose fermentation, and which appears to be necessary to a high penicillin yield, does not occur. The 5 per cent sucrose was used almost entirely by the mold in 48 hours. However, when the same total concentration of sucrose was fed slowly over a period of 72 hours the 5 per cent level was not reached before 90 hours and the penicillin yield was higher, 1410 units per ml, although still not as high as that in the lactose-fed fermentations. The chemical changes occurring in the sucrose-fed run are shown in figure 4 . For the lactose-fed series, the optimum feed rate was found to be 2.4 per cent overall, or 0.034 per cent per hour, giving a penicillin titer of 1470 units per ml. The chemical changes in the fermentation to which 2.4 per cent lactose was fed revealed no differences from the changes in the control runs sufficient to explain the lower yield in the fed fermentation. for glucose, 0.042 per cent per hour (3.0 per cent total); for lactose, 0.034 per cent per hour (2.4 per cent total); and for sucrose, 0.070 per cent per hour (5.0 per cent total). The optimum yields of penicillin obtained, corresponding to these feed rates, were: for glucose, 1520 units per ml; for lactose, 1470 units per ml; and for sucrose, 1410 units per ml.
Penicillin yields in media containing commercial lactose as the carbohydrate source were found to be improved when the lactose was present early in the growth phase of the fermentation.
